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ROBOT FOR REPOSITIONING
PROCEDURE, AND METHOD FOR
CONTROLLING OPERATION THEREOF

TECHNICAL FIELD

The present general inventive concept generally relates to
providing a robot for a repositioning procedure and a
method of controlling an operation thereof, and more par-
ticularly, to providing a repositioning procedure robot
capable of displaying a fracture region along with a three-
dimensional interpolation 1mage of a symmetric position
where a fracture does not occur, and a method of controlling,
an operation thereof.

BACKGROUND ART

A robot refers to a mechanical device that 1s made so as
to perform several hard and diflicult jobs 1nstead of a human.
The robot has been recently applied 1in industrial and medi-
cal fields.

Since robot technologies that are used 1n medical fields
enables more precise medical surgeries, a surgical robot has
steeply extended. However, the robot technologies have
been applied and commercialized only 1n a celioscope field

and a joint replacement surgical field not 1 fracture and
muscloskeletal reconstruction technologies.

However, fracture and muscloskeletal reconstruction sur-
geries have recently increased due to an increase 1n an aging
population, and thus there 1s a need for a development of a
robot technology that may be used in fracture and musclo-
skeletal reconstruction surgeries.

DETAILED DESCRIPTION OF TH.
INVENTION

(Ll

Technical Problem

Therelore, the present general inventive concept provides
a repositioning procedure robot capable of displaying a
fracture region along with a three-dimensional 1nterpolation
image of a symmetric position where a fracture does not
occur, and a method of controlling an operation thereof.

Technical Solution

According to an aspect of the exemplary embodiments,
there 1s provided a robot for a repositioning procedure,
including: a photographing unit configured to capture a
plurality of bone 1mages of a fracture region and a normal
region corresponding to the fracture region of a patient at
different angles; an 1mage processor configured to generate
three-dimensional interpolation 1mages of the {racture
region and the normal region by using the plurality of bone
images; and a display unit configured to display the three-
dimensional interpolation 1mage of the fracture region and
the three-dimensional interpolation image of the normal
region together.

The photographing unit may capture the fracture region
and the normal region by using at least one device selected
from X-ray, MRI, and CT.

The 1image processor may extract diaphyses of the bone
images and generate a three-dimensional 1nterpolation
image of the extracted diaphyses.

The 1mage processor may generate the three-dimensional
interpolation 1image 1n consideration of at least one selected
from diameters, bending degrees, and lengths of the bone
1mages.
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The robot may further include a position sensor config-
ured to sense a position of a movable bone region of the
fracture region. The display unit nay overlap the three-
dimensional interpolation 1image of the fracture region on the
three-dimensional 1nterpolation 1mage of the normal region
based on the sensed position.

The robot may further include a matching unit configured
to extract bone outlines of the three-dimensional interpola-
tion 1mage of the fracture region and the three-dimensional
interpolation 1mage of the normal region and calculate a
matching degree between the extracted bone outlines. The
display unit may display the calculated matching degree.

The matching unit may divide the three-dimensional
interpolation 1image into a plurality of regions and calculate
matching degrees between bone outlines of the plurality of
regions.

The robot may further include: a driver configured to be
fixed onto a side of the movable bone region of the fracture
region and move the movable bone region; and a manipu-
lator configured to receive a control command for control-
ling an operation of the driver.

The manipulator may receive a stop command as a control
command, and 1n response to the stop command being input,
the driver may keep a position of the movable bone region
in a current state.

The robot may further include: a path calculator config-
ured to calculate a movement path for repositioning the
movable bone region of the fracture region; and a controller
configured to stop an operation of the driver 1n response to
the movable bone region straying from the calculated move-
ment path.

The driver may be connected to a side of the movable
bone region through a fixing pin, a connection part, and an
external fixing part.

The fixing pin may include a spiral region that is inserted
into a fractured bone region and a threshold region that
protrudes to enable the spiral region to be inserted only 1nto
a preset depth.

An outer shape of the threshold renion may be a polygonal
shape based on a central axis of the fixing pin.

The connection part may include a first region that fixes
the fixing pin on a side and a second region that fixes the
external fixing part on an other side.

The external fixing part may have at least one selected
from a U shape, a ring shape, a semicircular shape, and a
linear shape.

According to another aspect of the exemplary embodi-
ments, there 1s provided a method of controlling an opera-
tion of a robot for a repositioning procedure, the method
including: capturing a plurality of bone 1images of a fracture
region and a normal region corresponding to the fracture
region ol a patient at different angles; generating three-
dimensional interpolation images of the fracture region and
the normal region by using the plurality of bone 1mages; and
displaying the three-dimensional interpolation 1image of the
fracture region and the three-dimensional interpolation
image ol the normal region together.

The fracture region and the normal region may be cap-
tured by using at least one device selected from X-ray, MRI,
and CT.

Diaphyses of the bone 1images may be extracted, and a
three-dimensional interpolation 1mage of the extracted dia-
physes may be generated.

The three-dimensional interpolation 1mage may be gen-
erated 1n consideration of at least one selected from diam-
cters, bending degrees, and lengths of the bone 1images.




US 10,015,470 B2

3

The method may further include: sensing a position of a
movable bone region of the fracture region. The three-
dimensional 1nterpolation 1image of the fracture region may
overlap on the three-dimensional interpolation image of the
normal region based on the sensed position.

The method may further include: extracting bone outlines
of the three-dimensional interpolation 1mage of the fracture
region and the three-dimensional interpolation image of the
normal region and calculating a matching degree between
the extracted bone outlines. The calculated matching degree
may be displayed.

The three-dimensional interpolation i1mage may be
divided into a plurality of regions, and matching degrees
between bone outlines of the plurality of regions may be
calculated.

The method may further include: receiving a control
command for controlling an operation of the robot: and
moving a movable bone region of the fracture region accord-
ing to the control command.

The receiving of the control command may include:
receiving a stop command. The moving the movable bone
region may include: keeping a position of the movable bone
region 1n a current state 1n response to the stop command
being received.

The method may further include: calculating a movement
path for repositioning the movable bone region of the
fracture region: and stopping an operation of the robot 1n
response to the movable bone region straying from the
calculated movement path.

DESCRIPTION OF DRAWINGS

FIG. 1 1s a brief block diagram illustrating a robot for a
repositioning procedure according to an exemplary embodi-
ment of the present general inventive concept.

FIG. 2 15 a detailed block diagram 1llustrating a robot for
a repositioning procedure according to an exemplary
embodiment of the present general inventive concept.

FIG. 3 1s a view 1illustrating a shape of a fixing pin
according to an exemplary embodiment of the present
general mventive concept.

FIG. 4 1s a view 1llustrating a shape of a connection part
according to an exemplary embodiment of the present
general iventive concept.

FIG. 5 1s a view illustrating a combination between a
connection part and an external fixing part according to an
exemplary embodiment of the present general inventive
concept.

FIG. 6 1s a view 1llustrating a structure of a bone.

FIGS. 7 through 9 are views illustrating a user interface
(UI) window that 1s displayed on a display unit of FIG. 1,
according to various exemplary embodiments of the present
general iventive concept.

FIG. 10 1s a flowchart illustrating a method of controlling
an operation of a robot for a repositioning procedure accord-

ing to an exemplary embodiment of the present general
inventive concept.

FIG. 11 1s a flowchart illustrating the method of FIG. 10
in detail.

MODE FOR INVENTION

The present general imventive concept will now be
described 1n more detail with reference to the attached
drawings.
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4

FIG. 1 1s a brietf block diagram illustrating a robot for a
repositioning procedure according to an exemplary embodi-
ment of the present general mventive concept.

Referring to FIG. 1, a repositioning procedure robot 100
includes a photographing unit 110, an 1mage processor 120,
and a display unit 130.

—

T'he photographing unit 110 captures a plurality of bone
images at different angles for each of a fracture region and
a normal region corresponding to the fracture region of a
patient. In detail, the photographing unit 110 may rotate on
cach of the fracture region and the normal region corre-
sponding to the fracture region of the patient to capture the
plurality of bone 1mages by using technologies such as an
X-ray, an MRI, and CT that may capture a bone. Here, the
normal region may be a bone region facing a bone posi-
tioned in the fracture region, e.g., may be a right femoral
bone 1f the fracture region 1s a left femoral bone.

Here, the same region 1s captured at diflerent angles
because 1t 1s diflicult to check a rotation state of a bone, etc.
i a fracture reposition 1s checked by using only a two-
dimensional 1mage. Therefore, in the present exemplary
embodiment, the same region 1s captured at different angles,
and the image processor 120 that will be described later
performs a three-dimensional interpolation by using bones
images that are captured at different angles.

The 1image processor 120 generates interpolation 1mages
of the fracture region and the normal region by using the
plurality of bone 1mages that are captured. In detail, the
image processor 120 may generate a three-dimensional
interpolation (hereinafter referred to as a three-dimensional
fracture 1mage) of the fracture region and a three-dimen-
sional interpolation i1mage (hereinafter referred to as a
three-dimensional normal 1mage) of the normal region by
using the plurality of bone 1images that are captured. A more
detailed method of generating interpolation 1images will be
described later with reference to FIG. 6.

The image processor 120 may perform image-processing,
on the generated three-dimensional interpolation images
according to a position of a bone that 1s sensed by a sensor
140 that will be described later. In detail, a bone of the
fracture region 1s moved by a repositioning procedure.
Therefore, the image processor 120 may vary a position of
a movable region on a three-dimensional 1image to generate
a three-dimensional fracture image according to a movement
degree of a bone that 1s sensed by the sensor 140.

The display unit 120 displays various types of information
that are provided from the repositioning procedure robot
100.

The display unit 120 displays the generated three-dimen-
sional interpolation 1image (i.e., a three-dimensional fracture
image) of the fracture region and the three-dimensional
interpolation image (i.e., a three-dimensional normal 1mage)
of the generated normal region. Here, the display umt 120
may overlap the three-dimensional fracture image on the
three-dimensional normal 1mage as shown 1n FIG. 7. Also,
the display unit 120 may display a matching degree calcu-
lated by a matching unit, which will be described later, as
shown 1 FIG. 9. Various types of Ul windows that may be
displayed on the display unit 120 will be described later with
reference to FIGS. 7 through 9.

As described above, the repositioning procedure robot
100 according to the present exemplary embodiment gen-
crates and displays the three-dimensional interpolation
images ol the fracture region and the normal region corre-
sponding to the fracture region. Therefore, a doctor may
perform a more precise repositioning procedure.




US 10,015,470 B2

S

As described above, the photographing unit 110, the
image processor 120, and the display unit 130 are applied to
only the repositioning procedure robot 100. However, struc-
tures of the photographing umt 110, the 1mage processor
120, and the display unit 130 may be realized as a diagnostic
device for measuring a fracture degree of the patient.

Only brietf elements of the repositioning procedure robot
100 have been described and illustrated above, but the
repositioning procedure robot 100 may further include other
clements besides the above-described elements. A more
detailed structure of the repositioming procedure robot 100
will now be described with reference to FIG. 2.

FIG. 2 1s a detailed block diagram illustrating a reposi-
tioming procedure robot according to an exemplary embodi-
ment of the present general inventive concept.

Referring to FIG. 2, the repositioning procedure robot 100
may include the photographing unit 110, the 1mage proces-
sor 120, the display unit 130, the sensor 140, a matching unit
150, a drniver 160, a mamipulator 170, a path calculator 180,
and a controller 190.

Detailed functions and operations of the photographing
unit 110, the image processor 120, and the display unit 130
are the same as described with reterence to FIG. 1, and thus
their repeated descriptions are omuitted.

The sensor 140 senses a position of a movable bone
region of a fracture region. In detail, the repositioning
procedure robot 100 moves the movable bone region of the
fracture region to reposition a bone. However, a bone
position of the fracture region 1s changed by this movement,
and thus a performance degree of this movement needs to be
checked. In an existing art, a state of a bone depending on
such a movement 1s checked through additional X-ray
capturing. However, in the present exemplary embodiment,
markers may be respectively installed in a fixed region and
a movable region of a fracture region, and the sensor 140
may track the marker installed in the movable region to
sense a position ol a movable bone region. As described
above, the sensor 140 may be used to move and track the
movable bone region of the fracture region without X-ray
capturing.

The matching unit 150 respectively extracts bone outlines
from the generated three-dimensional interpolation 1mages
of the fracture region and the normal region and calculates
a matching degree between the bone outlines.

The matching umit 150 may also divide the three-dimen-
sional interpolation image into a plurality of regions and
matching degrees between outlines of the plurality of
regions. In detail, the matching unit 150 may the three-
dimensional interpolation image into an upper region, a
middle region, and a lower region and individually calculate
matching degrees of the upper, middle, and lower regions.
As described above, a three-dimensional interpolation image
may be divided into a plurality of regions to calculate
matching between bones so as to check whether there has
been rotation, reduction or overtraction of a whole bone.

In the above description, a bone outline 1s extracted from
a three-dimensional interpolation image, and matching
degree between two bones 1s calculated by using the
extracted bone outline. However, the matching degree
between the two bones may be calculated by using various
types of parameters such as volumes, areas, etc. of bones.

The calculated matching degree between the two bones as
described above may be displayed on the display unit 130
that has been described above. Also, the calculation of the
matching degree may be performed in real time according to
movements of the bones.
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The driver 160 1s fixed onto a side of the moveable bone
region of the fracture region and moves the moveable bone
region. In detail, the driver 160 includes a motor and a robot
arm and moves the movable bone region of the fracture
region by using the robot arm based on a manipulation
command of the manipulator 170 that will be described later.
The driver 160 may be connected to the fracture region
through a device as shown in FIGS. 3 through 5.

The manipulator 170 has a plurality of functions through
which a user may set or select various types of functions
supported by the repositioning procedure robot 100. The
mamipulator 170 receives a control command for controlling,
an operation of the driver. In the present exemplary embodi-
ment, the display unit 130 and the manipulator 170 are
separate elements but may be realized as a device such a
touch screen that simultaneously realizes an mput and an
output.

The path calculator 180 calculates a movement path for
repositioning the movable bone region of the fracture
region. In detail, the path calculator 180 may calculate a
movement path of a bone region of the fracture region for
enabling a fractured bone on the three-dimensional fracture
image and a normal bone on the three-dimensional normal
image to have the same position, by using the three-dimen-
sional normal image and the three-dimensional fracture
image. The calculation of the movement path may be
performed through an algorithm that 1s optimized by various
types of experiments.

The controller 190 controls elements of the repositioning,
procedure robot 100. In detail, if a repositioning procedure
start command 1s 1nput, the controller 190 may control the
photographing unit 110 to capture the fracture region and the
normal region. The controller 190 may also control the
image processor 120 to generate a three-dimensional inter-
polation 1image of a plurality of bone 1mages and control the
display unit 130 to display the generated three-dimensional
interpolation image.

Also, the controller 190 may control the path calculator
180 to calculate an interpolation path depending on the
generated three-dimensional interpolation image. If a driv-
ing command 1s input through the manipulator 170, the
controller 190 may control the driver 160 to perform driving
according to the dnving command. If the bone region 1is
moved by the driving, the sensor 140 may sense the move-
ment of the bone region, and the controller 190 may update
the three-dimensional 1nterpolation image displayed on the
display unit 130 according to the sensed movement path.

If a polishing command 1s input through the manipulator
170, the controller 190 may control the driver 160 to keep
a position of the bone region 1n a current state, 1.e., to freeze
a state of the motor of the driver 160 (1n more detail, to keep
a rotation angle of the motor 1n a current state).

As described above, the repositioning procedure robot
100 according to the present exemplary embodiment gen-
crates and displays the three-dimensional interpolation
images of the fracture region and the normal region corre-
sponding to the fracture region and displays the three-
dimensional interpolation image that 1s changed 1n real time
in response to a movement of a bone performed in a
repositioning procedure. Therefore, the doctor may further
casily perform the repositioning procedure. Since the three-
dimensional interpolation image 1s sued as described above,
the doctor may further precisely check a rotation state, a
reduction state, etc. of a whole bone to perform the reposi-
tioning procedure.
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FIG. 3 1s a view 1llustrating a shape of a fixing pin
according to an exemplary embodiment of the present
general iventive concept.

Referring to FIG. 3, a fixing pin 200 1s an element that 1s
connected to a bone of the fracture region and the robot arm
of the driver 160. In detail, the fixing pin 200 includes a
spiral region and a threshold region 220.

The spiral region 210 1s a region that 1s inserted into a
fractured bone region. The spiral region may have a length
of about 7 cm. However, the present general inventive
concept 1s not limited to a numerical value as described
above, and thus the length of the spiral region 210 may
depend on a state of the patient.

The threshold region 220 1s a protrusion region that
enables the fixing pin 200 to be inserted only 1nto a preset
part of a bone. The threshold region 220 may have a circular
shape, a polygonal shape (a triangular shape, a rectangular
shape, or the like). In the illustrated example, the threshold
region 220 1s positioned at a preset distance from an end part
of the spiral region 210 of the fixing pin 200 but may be
positioned from the end part of the spiral region 210 to an
end part of the fixing pin 200. Also, a diameter of the
threshold region 220 1s the same but may vary between the
end part of the spiral region 210 and the end part of the fixing
pin 200.

A shape of the threshold region 1s a circular shape 1n the
illustrated example, but an external shape of the threshold
region may be a polygonal shape based on a central axis of
the fixing pin 200. It the shape of the threshold region 1s the
polygonal shape as described above, the threshold region
may be easily inserted into the bone through a tool such as
a general screwdriver, a screw wrench, or the like without
using a particular {ixing pin inserting tool. A strength of the
threshold region having the polygonal shape may be realized
to be stronger than a circular shape.

As described above, the fixing pin 200 according to the
present exemplary embodiment includes the threshold
region 220 that 1s inserted only into the preset part of the
bone so as to prevent the fixing pine from penetrating the
bone.

FIG. 4 1s a view 1llustrating a shape of a connection part
according to an exemplary embodiment of the present
general mventive concept.

Referring to FIG. 4, a connection part 300 combines the
fixing pin 200 with an external {ixing part 400. In detail, the
connection part 300 includes a first region that may {ix the
fixing pin on a side and a second region that may fix the
fixing part 400 on an other side. In more detail, the connec-
tion part 300 may include the first region that may fix the
fixing pin on the side, position the pin 1n the first region, and
may be combined with the fixing pin 200 by using a wrench
or the like. For example, if an outer shape of the fixing pin
200 15 a circular shape, an outer shape of the first region may
also be a circular shape. If the outer shape of the fixing pin
200 1s a triangular shape, the outer shape of the first region
may also be a trnangular shape.

The connection part 300 may include the second region
that may fix the external fixing part 400 on the other side,
position the external fixing part 1n the second region, and
may be combined with the external fixing part 400 by using
a wrench or the like. A combination shape between the
connection part 300 and the external fixing part 400 1is
illustrated 1n FIG. 5. The external fixing part 400 may have
at least one selected from a U shape, a ring shape, a
semicircular shape, and a linear shape, and thus the second
region may have a shape corresponding to an outer shape of
the external fixing part 400.
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As described above, the external fixing part 400 may be
connected to the robot arm of the driver 160 that has been
described above. Theretfore, the driver 160 may be fixed into
a fractured bone through a consecutively connected relation
of the external fixing part 400, the connection part 300, and
the fixing pin 200 and move a fractured bone region.

Only a connection relation between one external {ixing
part 400 and one connection part 300 1s illustrated 1n FIG.
5. However, a plurality of fixing pins 200, a plurality of
connection parts 300, and a plurality of external {ixing pins
400 may be complexly connected to one another in the
fractured bone region.

FIG. 6 1s a view 1llustrating a structure of a bone.

In detail, the bone shown 1n FIG. 6 1s a femoral bone that
may be divided into an upper part (an epiphysis), a middle
part (a diaphysis), and an end part (a metaphysis).

I1 a fracture of the bone occurs in the diaphysis (1.e., 1n the
middle part of the bone), the repositioning procedure robot
recognizes a Iracture of the diaphysis as a main object.
Therefore, an upper region (the epiphysis) and a lower
region (the diaphysis) may be used as main indicators in
determination and reposition processes of a rotation distor-
tion after the fracture.

Here, the middle region of the bone, 1.e., the diaphysis,
has a simple curved cylinder shape. Therefore, the 1image
processor 120 may extract parameters, including a length, a
diameter, and a bending degree, from each of a plurality of
images and generate a three-dimensional interpolation
image by using the extracted parameters. As described
above, 1n the present exemplary embodiment, a three-di-
mensional mterpolation 1mage may be generated by using
only minimum two bone images. Therefore, a radiation
exposure to the patient may be reduced, and the three-
dimensional interpolation 1mage may also be applied to a
pregnant patient or a pediatric patient.

A three-dimensional interpolation as described above may
be performed with respect to a whole part of a bone or may
be performed with respect to only a preset region of the
bone. In detail, an interpolation may be performed with
respect to the epiphysis and the metaphysis, on which the
three-dimensional interpolation 1s diflicult to be performed,
by using standardized data of general people, and the
three-dimensional 1interpolation may be performed with
respect to the middle part (1.e., the diaphysis) that may be
relatively easily interpolated.

FIGS. 7 through 9 are views 1illustrating a user interface
(UI) window that may be displayed on the display unit of
FIG. 1, according to various exemplary embodiments of the
present general mventive concept.

Referring to FIG. 7, the Ul window overlays a three-
dimensional fracture image 720 on a three-dimensional
normal image 710. Since the three-dimensional fracture
image 720 1s overlaid on the three-dimensional normal
image as described above, the doctor may further easily
check a movement path of a movable bone region 721 of a
fracture region. Also, the UI window may be changed 1n real
time by a bone movement.

Here, the Ul window may a color, an illumination inten-
sity, a luminance, etc. of the overlaid three-dimensional
fracture 1mage 720 differently from the three-dimensional
normal 1image. An overlay degree (1.e., a transparency) and
an overlay position of the displayed three-dimensional frac-
ture 1mage may be changed by a manipulation of a user.

As shown 1n FIG. 7, the three-dimensional fracture image
1s overlaid on the three-dimensional normal 1mage. How-
ever, as shown 1n FIG. 8, a three-dimensional fracture image
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820 and a three-dimensional normal image may not be
overlaid with each other but may be separately displayed.

Referring to FIG. 9, a Ul window 900 displays an image
910 where a three-dimensional fracture 1mage 1s overlaid on
a three-dimensional normal image as shown 1n FIG. 7 and
displays a matching degree 920 of each region. Since the Ul
window 900 displays the matching degrees together as
described above, the doctor may easily determine whether
repositioning 1s performed, and check a matching degree of
cach region 1n a surgical operation process. Therefore, the
doctor may check whether there has been rotation, reduc-
tion, or overtraction of a whole bone.

FIG. 10 1s a flowchart illustrating a method of controlling
an operation of a repositioning procedure robot according to
an exemplary embodiment of the present general inventive
concept.

Referring to FIG. 10, 1 operation S1010, a plurality of
bone 1images of each of a fracture region and a normal region
corresponding to the fracture region of a patient are captured
at diflerent angles. In detail, each of the fracture region and
the normal region corresponding to the fracture region may
be rotated to capture the plurality of bone images by using,
a technology such as X-ray, MRI, or CT that may capture a
bone. Here, the normal region i1s a bone region that 1s
positioned to face a bone positioned in the fracture region.
For example, 11 the fracture region 1s a left femoral bone, the
normal region 1s a right femoral bone.

In operation S1020, three-dimensional interpolation
images ol the fracture region and the normal region are
generated by using the plurality of bone images that are
captured. The operation of generating the three-dimensional
interpolation 1images has been described 1n detail with ret-
erence to FIG. 6, and this a repeated description 1s omitted.

In operation S1030, the generated three-dimensional
interpolation 1image of the fracture region and the generated
three-dimensional interpolation 1image of the normal region
are displayed together. Here, the generated three-dimen-
sional interpolation 1mage of the fracture region may be
overlaid on the generated three-dimensional interpolation
image ol the normal region.

Therelore, the method according to the present exemplary
embodiment generates and displays the fracture region and
the three-dimensional interpolation 1mage corresponding to
the fracture region. Therefore, a doctor may further easily
perform a repositioning procedure by using the displayed
three-dimensional interpolation 1mage. The method of FIG.
10 may be performed on the repositioning procedure robot
100 having the structure of FIG. 1 or 2 or on the reposi-
tioming procedure robot 100 having other types of structures.

A method of controlling an operation of a repositioning
procedure robot as described above may be realized as a
program including a computer-executable algorithm. The
program may be stored and provided on a non-transitory
computer readable medium.

The non-transitory computer-readable medium refers to a
medium which does not store data for a short time such as
a register, a cache memory, a memory, or the like but
semi-permanently stores data and 1s readable by a device. In
detail, the above-described applications or programs may be
stored and provided on a non-transitory computer readable
medium such as a CD, a DVD, a hard disk, a blue-ray disk,
a unmiversal serial bus (USB), a memory card, a ROM, or the
like.

FIG. 11 1s a flowchart illustrating the method of FIG. 10
in detail.

Referring to FIG. 11, 1 operation S1110, a doctor con-
nects a robot arm to a fractured region by using a fixing pin,
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a connection part, and an external fixing part as described
with reference to FIGS. 3 through 5.

In operation S1120, a plurality of bone images of each of
a fracture region and a normal region corresponding to the
fracture region of a patient are captured at different angles.
In the exemplary embodiment, the bone 1images are captured
alter the operation of connecting the robot arm to the
fractured region. However, the operation of connecting the
robot arm to the fractured region may be performed after
capturing the bone images and generating a three-dimen-
sional interpolation 1image that will be described later.

In operation S1130, a three-dimensional fracture 1mage
and a three-dimensional normal i1mage are generated by
using the plurality of bone images that are captured. A
process ol generating the three-dimensional interpolation
image 1s the same as described with reference to FIG. 6, and
thus a repeated description 1s omitted.

In operation S1140, a matching degree 1s calculated by
using the three-dimensional fracture image and the three-
dimensional normal 1mage. In detail, the matching degree
may be calculated by using outlines or other parameters (e.g.
volumes) of two three-dimensional interpolation 1mages.
The calculation of the matching degree may be performed
with respect to each of divided regions (e.g., an upper
region, a middle region, and a lower region).

A movement path of a movable bone region of the fracture
region 1s calculated by using the three-dimensional fracture
image and the three-dimensional normal image that are
generated.

In operation S1160, the three-dimensional fracture 1mage
and the three-dimensional normal image are displayed. In
detail, the three-dimensional fracture image may be overlaid
on the three-dimensional normal image. Here, the calculated
matching degree may be displayed together.

In operation S1170, a driving command 1s mput from a
user (in detail, the doctor). In operation S1180, the robot arm
1s driven to move the movable bone region of the fracture
region.

If the movement of the bone region 1s sensed by a sensor
in operation S1190, operations described above are repeated
according to a sensed movement path.

Therefore, the method according to the present exemplary
embodiment generates and displays the fracture region and
the three-dimensional interpolation image of the normal
region corresponding to the fracture region, and displays the
three-dimensional interpolation image that 1s changed 1n real
time 1n response to the bone movement 1n a surgical opera-
tion process. As a result, the doctor may further easily
perform a repositioning procedure. In particular, since the
three-dimensional interpolation image 1s used, the doctor
may further precisely check a rotation state, a reduction
state, etc. ol a whole bone to perform the repositioning
procedure. The method of FIG. 11 may be performed on the
repositioning procedure robot 100 having the structure of
FIG. 2 or on the repositioning procedure robot 100 having
other types of structures.

Also, a method of controlling an operation of a reposi-
tioning procedure robot as described above may be realized
as a program including a computer-executable algorithm.
The program may be stored and provided on a non-transitory
computer readable medium.

The foregoing exemplary embodiments and advantages
are merely exemplary and are not to be construed as limit-
ing. The present teaching can be readily applied to other
types of apparatuses. Also, the description of the exemplary
embodiments 1s intended to be illustrative, and not to limit




US 10,015,470 B2

11

the scope of the claims, and many alternatives, modifica-
tions, and variations will be apparent to those skilled 1n the
art.

The 1nvention claimed 1s:

1. A robot for a repositioning procedure, comprising:

a photographing unit configured to capture a plurality of
bone 1mages of a fracture region and a normal region
corresponding to the fracture region of a patient at
different angles;

an 1mage processor configured to generate three-dimen-
stonal interpolation 1mages of the fracture region and
the normal region by using the plurality of bone
1mages;

a display unit configured to display the three-dimensional
interpolation 1mage of the fracture region and the
three-dimensional interpolation 1mage of the normal
region together to determine a matching degree
between the three-dimensional interpolation 1mage of
the fracture region and the normal region; and

a driver configured to be fixed onto a side of a movable
bone region of the fracture region and move the mov-
able bone region, wherein the driver 1s connected to the
side of the movable bone region through a fixing pin,
a connection part, and an external {ixing part.

2. The robot of claim 1, wherein the photographing unit
captures the fracture region and the normal region by using
at least one device selected from X-ray, MRI, and CT.

3. The robot of claim 1, wherein the 1mage processor
extracts diaphyses of the bone images and generates a
three-dimensional interpolation 1mage of the extracted dia-
physes.

4. The robot of claim 1, wherein the 1mage processor
generates the three-dimensional interpolation 1image in con-
sideration of at least one selected from diameters, bending
degrees, and lengths of the bone 1mages.

5. The robot of claim 1, further comprising:

a position sensor configured to sense a position of a

movable bone region of the fracture region,

wherein the display unit overlaps the three-dimensional
interpolation 1mage of the fracture region on the three-
dimensional interpolation 1image of the normal region
based on the sensed position.

6. The robot of claim 1, further comprising:

a matching processor configured to extract bone outlines
of the three-dimensional interpolation image of the
fracture region and the three-dimensional 1nterpolation
image of the normal region and calculate the matching
degree between the extracted bone outlines,

wherein the display unit displays the calculated matching
degree.

7. The robot of claim 6, wherein the matching processor
divides the three-dimensional interpolation 1mage into a
plurality of regions and calculates matching degrees
between bone outlines of the plurality of regions.

8. The robot of claim 1, further comprising:

a manipulator configured to receive a control command

for controlling an operation of the driver.

9. The robot of claim 8, wherein the manipulator receives
a stop command as a control command, and 1n response to
the stop command being input, the driver keeps a position of
the movable bone region 1n a current state.

10. The robot of claim 8, further comprising:

a path processor configured to calculate a movement path

for repositioning the movable bone region of the frac-
ture region; and
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a processor configured to stop an operation of the driver
in response to the movable bone region straying from
the calculated movement path.

11. The robot of claim 1, wherein the fixing pin comprises

a spiral region that 1s mnserted into a fractured bone region
and a threshold region that protrudes to enable the spiral
region to be inserted only into a preset depth.

12. The robot of claim 11, wherein an outer shape of the

threshold region 1s a polygonal shape based on a central axis

of the fixing pin.

13. The robot of claim 1, wheremn the connection part
comprises a first region that fixes the fixing pin on a side and
a second region that fixes the external fixing part on an other
side.

14. The robot of claim 1, wherein the external fixing part
has at least one selected from a U shape, a ring shape, a
semicircular shape, and a linear shape.

15. A method of controlling an operation of a robot for a
repositioning procedure, the method comprising:

capturing a plurality of bone 1mages of a fracture region

and a normal region corresponding to the Iracture
region ol a patient at different angles;

generating three-dimensional interpolation 1images of the

fracture region and the normal region by using the
plurality of bone 1mages;

displaying the three-dimensional interpolation image of

the fracture region and the three-dimensional interpo-
lation 1image of the normal region together to determine
a matching degree between the three-dimensional 1nter-
polation 1image of the fracture region and the normal
region; and

moving a movable bone region of the fracture region,

wherein one side of the movable bone region 1s con-
nected to a driver through a fixing pin, a connection
part, and an external fixing part.

16. The method of claim 15, wherein the fracture region
and the normal region are captured by using at least one
device selected from X-ray, MRI, and CT.

17. The method of claim 15, wherein diaphyses of the
bone 1mages are extracted, and a three-dimensional inter-
polation 1mage of the extracted diaphyses 1s generated.

18. The method of clam 15, wherein the three-dimen-
sional interpolation 1image 1s generated 1n consideration of at
least one selected from diameters, bending degrees, and
lengths of the bone 1mages.

19. The method of claim 15, further comprising:

sensing a position of a movable bone region of the

fracture region,

wherein the three-dimensional 1nterpolation image of the

fracture region overlaps on the three-dimensional 1nter-
polation i1mage of the normal region based on the
sensed position.

20. The method of claim 15, further comprising:

extracting bone outlines of the three-dimensional inter-

polation 1image of the fracture region and the three-
dimensional interpolation image of the normal region
and calculating the matching degree between the
extracted bone outlines,

wherein the calculated matching degree 1s displayed.

21. The method of claim 20, wherein the three-dimen-
sional interpolation image 1s divided into a plurality of
regions, and matching degrees between bone outlines of the
plurality of regions are calculated.

22. The method of claim 15, further comprising;

recerving a control command for controlling an operation

of the robot,
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wherein the a movable bone region of the fracture region
1s moved according to the control command.
23. The method of claim 22, wherein:
the recerving of the control command comprises: rece1v-
ing a stop command; and 5
the moving the movable bone region comprises: keeping
a position of the movable bone region 1n a current state
in response to the stop command being received.
24. The method of claim 22, further comprising:
calculating a movement path for repositioning the mov- 10
able bone region of the fracture region; and
stopping an operation of the robot in response to the
movable bone region straying from the calculated
movement path.
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